Detection of human genomic mutations by chemical single-reaction DNA sequencing  by Costanzo, G. et al.
Technical Tips Online, Vol. 2, 1997
Detection of human genomic
mutations by chemical
single-reaction DNA sequencing
G. Costanzoa, R. Negria, E. Di Nicola-Negrib, R. De Leob and E. Di Mauroc
aCSAN CNR Rome, Italy
bIst Biologia Cellulare CNR Roma, Italy
cIstituto Pasteur Fondazione Cenci Bolognetti Universita` di Roma La Sapienza P.le Aldo Moro, 5 00185 Roma, Italy
Keywords: Polymerase chain reaction, Cloning & sequencing
▼The ideal DNA sequencingmethod should yield complete
and unambiguous information in a single electrophoretic
pattern and should be simple, rapid and economical. A
single-lane sequencing procedure is available, based upon
the dideoxy Sanger methodology. This method cannot
a priori be compressed further. Chemical DNA sequencing
offers the potential of absolute compression: if one could
obtain unambiguous and complete sequence information
in a single pattern, then several differentDNAs, each labeled
with a different fluorochrome, could be analyzed in the
same electrophoretic lane. This procedure could be quite
relevant for mass genetic screenings.
We have developed a chemical method (Ref. 1, 2) that
yields a one-reaction one-lane sequence determination,
thus allowing fast, multiple, simultaneous sequencing and
direct sequence comparisons in the same electrophoretic
lane. Themethod is based on the base-selective degradation
(G>A>C>T) of DNA by N-methyl formamide (see Fig. 1).
The chemical rationale of this method is as follows. Amides
(as determined for formamide,N-methyl formamide andN-
dimethyl formamide) react with DNA according to a multi-
step mechanism. (a) Degradation of the purine and pyrimi-
dine bases: for purines, degradation occurs by nucleophilic
attack inC-8, leading to degradative C-8-ring opening of the
imidazole ring; for pyrimidines by nucleophilic attack in
C-6, leading to degradative C-6-ring opening of the pyrimi-
dine ring. (b) β-Elimination of the sugar-protons with con-
sequent cleavage of the phosphate bonds. N-Methyl for-
mamide has proved to be the best compound to carry out
the sequencing reaction because of its efficiencies in base
Corresponding author: negri@axcasp.caspur.it
selective cleavage and in the β-elimination of the 5’ bond
(for a detailed discussion of these reactions, see Ref. 2, 3).
As for the accuracy of the method, we have so far de-
termined 5020 sequence positions in 23 different sequenc-
ing experiments, with a 1.05% rate of uncertainties/errors.
This value improves the previously reported error rate eval-
uations (Ref. 2) and is obtained by using a 1:8 guano-
sine:inosine ratio in the PCR reaction (see Protocol). The use
of this cocktail lowers the intensity of the peaks obtained
compared with those obtained when inosine is incorpo-
rated alone (Ref. 1), thus minimizing the error-producing
shoulder effects observed when a pyrimidine neighbors an
inosine residue. The reproducibility of sequencing patterns
on multiple samples and of multiple runs with the same
sample is absolute. We report here the application of this
method to the analysis of the genomic single copy human
β-globin gene, in its wild-type form and in its homo- and
heterozygous mutations.
Genomic DNAwas extracted according to a standard pro-
cedure from 20 ml (1 mg DNA) of blood from individuals
known to carry the nonsense β39 mutation in the homo-
or in the heterozygous forms, and from wild-type individ-
uals. One-twentieth of the resulting DNA was amplified
(30 cycles, annealing at 62◦C) with 300 pmol of a pair
of oligos corresponding to the positions 43.137−43.160
and 43.632−43.653 (numbering as in Ref. 4). One hun-
dred nanograms of the resulting DNA were amplified again
(20 cycles, 56◦C) with 60 pmol of a new pair of custom-
made oligos (43.154−43.173 and 43.562−43.584), the first
of which was labeled with TAMRA or 6-FAM fluorochrome
(Perkin-Elmer) (see Protocol). The samples were precipitated
with ethanol, resuspended in 80% formamide and standard
dyes and run on a denaturing 6% polyacrylamide gel. The
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FIGURE 1. One-lane sequence determination of the human β-globin gene (position 43.326−43.364) by N-methyl-formamide + Mn2+. DNA was labeled
with 6-FAM. The red arrowhead identifies the β39 position.
bands corresponding to the full-length amplified products
were identified with the help of radioactive markers, eluted
in water, ethanol precipitated, resuspended in 50ml of 90%
N-methyl formamide, 3 mM MnCl2 and heated for 90 min
at 99◦C in a PCR reactor. The sample was then ethanol pre-
cipitated, resuspended in 90% formamide, 10 mM EDTA.
One-sixth (FAM-labeled) or half (TAMRA-labeled) of the
sample was heated for 2 min at 90◦C and loaded onto an
analytical automated 373A sequencer (Perkin-Elmer).
A portion of the raw sequence data for a wild-type indi-
vidual is shown (Fig. 1), together with an enlargement of
the DNA tract containing the β39 mutation site for a wild
type (Fig. 2a), for a heterozygous C/T (Fig. 2b) and for a
homozygous T/T mutation (Fig. 2c) in the same position.
In a direct comparison of the wild type (Fig. 3 lower, la-
beled with 6-FAM) with the homozygous mutation (Fig.
3 upper, labeled with TAMRA), the two DNAs were re-
acted and processed together and analyzed in the same
lane.
The reported example shows that the single reaction
yields an easily readable and complete sequence informa-
tion (Fig. 1) and that parallel (Fig. 2) or physically simul-
FIGURE 2. The DNA tract encompassing the β39 site in the wild-type (C, a), heterozygous (C/T, b) and homozygous (T/T, c) mutations (as indicated by
the red letters). Note the different height of the corresponding peaks.
www.sciencedirect.com 33
Technical Tips Online, Vol. 2, 1997 Technical Tips
FIGURE 3. Wild-type (black) and heterozygous mutant (red) DNAs processed together and analyzed in the same electrophoretic lane.
taneous (Fig. 3) analyses promptly reveal mutations. De-
velopment and accuracy of many simultaneous analyses
will require the development of programs for the quantita-
tive evaluation of signal carryover among fluorochromes. It
should be noted that this example refers to and solves the
most discrimination-demanding analysis: the heterozygous
C/T point mutation of a single copy gene. All the other in-
stances are more easily detected (Ref. 2).
Protocol
PCR amplify (30 cycles, standard conditions) 50 ng of ge-
nomic DNA using 300 pmol of a pair of oligos external to
the portion to be sequenced. One hundred nanograms of
the amplified DNA are amplified again with 60 pmol of
a new pair of oligos, one of which is labeled with a fluo-
rochrome. This second amplification is performed by using
the following cocktail of deoxynucleotide triphosphates:
250 µM each of dATP, dCTP, dTTP, 200 µM dITP and 25
µM dGTP. After the amplification, samples are ethanol pre-
cipitated and the full-length products are gel purified. The
eluted DNA is ethanol precipitated, resuspended in 90% N-
methyl formamide, 3 mM MnCl2, heated 90 min at 99◦C
in a PCR reactor, ethanol precipitated, resuspended in 90%
formamide, 10 mM EDTA, heated for 2 min at 90◦C and
loaded on an analytical automated sequencer. Raw data are
collected and the sequence is determined by peak height
comparison.
References
1 Di Mauro, E., Costanzo, G. and Negri, R. (1994) Nucleic Acids Res. 22,
3811–3812.
2 Negri, R. et al. (1996) BioTechniques 21, 910–917.
3 Saladino, R. et al. (1996) J. Am. Chem. Soc. 118, 5615–5619.
EMBL GENEBANK Access Number: X62902 .
Products Used
ABI 373A DNA sequencer: ABI 373A DNA se-
quencer from PE Applied Biosystems
34 www.sciencedirect.com
